Abstract: Plate counts were made of bacteria surviving in materials from Shackleton's and Scott's camps from the first decade of this century. Several millions of bacteria per g of material were detected in samples of pony dung and lesser numbers in dried peas, pearl barley, chaff and straw. No coliforms had survived in the dung: apparent positives in the presumptive coliform counts proved to be sporing Bacillus spp. when tested in a confirmatory coliform test. Subsamples of the colonies growing on agar plates all proved to be either Bacillus spp. producing endospores or actinomycetes (Micromonospora spp.) with single spores along the hyphae.
Introduction
During December, 1990, a visit was made by personnel from the nearby New Zealand Antarctic base (Scott Base) to buildings at Cape Royds and Cape Evans, McMurdo Sound, which were left, respectively, from the 1907 Shackleton expedition and Scott's expedition to the Antarctic during 1910-11. Samples were taken of foodstuffs, hay and straw from animal feed and bedding, and animal excreta, which remain there in a frozen condition. Following previous examinations (Meyer et al. 1962, 1963) , we investigated the microorganisms surviving frozen in these samples for > 80 years.
Materials and methods
Samples were removed aseptically-dried peas and pearl barley from the huts and chaff and hay from the pony line at Cape Royds, and samples of two pony dung patches from Cape Evans (Evans 1 and 2). Tweezers sterilized with ethanol (100% v/v) were used to remove weathered material from the exterior of dung or hay, and then samples taken aseptically from 1-2 cm inside dung patches or 10 cm inside hay samples. Samples were transferred into sterile Universal containers and kept frozen at -20°C until examined.
Material was allowed to thaw at room temperature then maintained at 0°C in an ice tray, and manipulations were carried out in a laminar flow hood to preclude aerial contamination. Aweighed subsample was dilutedwith sterile 1/4 strength Ringers solution to give 1 g ml-' (i.e. 10' dilution), homogenised for 5 min, and the homogenate decimally diluted with sterile Ringers solution from 10.' to 10". Initially, single plates were inoculated with 0.1 ml aliquot inocula at three dilutions (lo', and onto a range of five different media to determine optimum dilutions to be used for each sample, and which media gave best recovery. Plates were incubated at 5, 15,25 and 35°C until there were no further increases in numbers of colonies. A range of media to optimise recovery of microorganisms was To further examine apparent survival of coliform organisms in Evans pony dung and Royds hay samples, plates of MAC agar with well separated colonies were replica plated with sterile velvet pads, each onto six sterile agar plates of Minerals Modified Glutamate Medium (MMGM; Oxoid Ltd). Triplicate plates were incubated at 37°C and 44°C to confirm coliforms and human-type coliforms respectively by production of acid after 18 h. Control plates streaked with Escherichia coli, which grows on this medium at 37"C, and Klebsiella aerogenes, which does not, were included. The plates were incubated for 18 h and inspected, and then reincubated for a total period of one week. At the end of this time colonies on the plates were recounted and each colony subcultured in 2% Brilliant Green Bile Broth (Oxoid Ltd).
Five colonies picked from a plate from the Evans 1 sample and nine colonies picked randomly from a plate of Evans 2 sample, were subcultured onto NA plates and examined under the microscope by Gram stain to determine morphology, and were tested for their production of catalase enzyme.
Results and discussion
The first exploratory count showed recovery of bacterial colonies was highest on CPS and NA, but only very small numbers of moulds recovered on ME agar. Meyer et aZ(l963) also reported only low numbers of moulds from similar historic Antarctic samples. The use of ME medium was abandoned, therefore. Counts on CPS and NA , both rich media, were very similar and subsequently, therefore, only CPS medium was used. Table I shows that recovery of bacterial colonies was greatest from samples of pony dung and from dung-contaminated hay. Incontrast, only low countswere detectedfromsamples of dried peas, chaff andbarley. Highest bacterial counts were on the rich CPS medium, although appreciable but lower counts were obtained on FC2 medium. Interestingly, there were significant numbers of presumptive coliforms growing upon MAC agar, but replication of the colonies onto MMGM at 37 and 44°C indicated that very few of the presumptive coliforms were confirmed as coliforms on MMGM medium. There was only one confirmed coliform, a single colony from the Evans 1 sample, which was corroborated by gas production after 24 h in Brilliant Green Bile Broth. Microscopic examination of the other presumptive coliforms showed that all isolates from the Evans 1 sample were Gram positive or Gram variable motile rods which contained endospores and were catalase positive. They were, therefore, Bacillus spp. Most isolates from the Evans 2 sample were Bacillus spp. except three which were Gram positive, sessile filamentous colonies with single spores.
These were actinomycetes , probably Micromonospora spp.
It is clear from these results that significant numbers of bacteria have survived >80 years in a frozen state, several million per g still being detected on the remains of pony dung from Cape Evans. Numbers from other samples were smaller, particularly from dried peas and pearl barley which were intended for human consumption, andwhich presumably started with lower initial microbial contamination. The major groups of survivors were spore-formers; either Bacillus spp. with endospores or sporing actinomycetes, consistent with other results from materials stored for long periods (Wilson & Shipp 1938 , Sneath 1962 . Only one coliform was recovered from faecal material, most apparent coliforms in the Presumptive Coliform Test proving to be false positives due to spore-formers. Meyer et al. (1962 Meyer et al. ( ,1963 have previously examined samples from the Cape Evans site and reported both sporing and nonsporing organisms, and encapsulated Pseudomonas spp.,but not coliforms, surviving in frozen human faecal material, food and hay. We did not recover any Pseudomonas spp. although they would have grown on our media, representing a change in the relict frozen microflora during the past 30 years. This indicates that coliforms survive c 50 years, encapsulated Pseudomomsfor < 80 years, andsporingbacteria (both Bacillus spp. and actinomycetes) for > 80 years.
